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(54) Fault tolerant bipolar gas electrode disign for a rechargeable battery 

(57) A bipolar rechargeable battery (20) comprises 
a vessel (22) with an insulated liner (24) and an interior 
. region (34) for bu\k storage of a gas wliich serves as an 
electrode active material. A plurality of cells (36) are 
nested within the vessel, each including a metallic bipo- 
lar cup (38) having a circular base (40) and an integral 
insulated hydrophobic upstanding side wall (42) of trun- 
cated conical shape diverging with increased distance 
from the base (40). A solid phase positive electrode (46) 
overlies the base. A dielectric separator (50) separates 
the positive electrode (46) and a gas phase negative 
electrode (48) and is configured to permit passage of 
electrolyte between the base (40) of its cell (36) and the 
base of an adjoining cell. The upstanding side wall (42) 
of each cell is oriented to enable gas passage from each 
of the cells (36) to the bulk gas storage region (34). The 
upstanding side walls (42) of the adjacent cells (36) mu- 
tually define a gap (52) enabling gas communication be- 
tween the adjacent cells (36) and between each of the 
cells (36) and the bulk gas storage region (34). In one 
embodiment, there is no gas screen between a negative 
electrode (60) and the bipolar base (40) of an adjoining 
cell. In another embodiment, a gas screen (54A) is pro- 
vided having a fine porosity but of larger porosity than 
that of the separator (50). 
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Description 

The present invention relates to the design of a bi- 
polar cell for gas depolarized rechargeable batteries 
such as nickel hydrogen and zinc oxygen. 

the construction to be described prevents failure of 
gas depolarized rechargeable bipolar batteries as a re- 
sult of irreversible electrolyte toss from the condensed 
electrode-separator to the gas side of the opposing elec- 
trode. It provides for returning escaped electrolyte to the 
condensed electrode separator region of the cell. Cell 
weight may be reduced by eliminating the gas screen in 
one of the preferred embodiments. The invention seeks 
to provide a more reliable battery design which is highly 
tolerant of minor imperfections in the gas electrode. This 
reduces battery mass and cost as compared with de- 
signs which focus on increased gas electrode wet proof- 
ing. 

Such failure of gas depolarized rechargeable bipo- 
lar batteries as a result of irreversible electrolyte loss 
from the condensed electrode-separator to the gas side 
of the opposing electrode is normally addressed by 
overdesign of the gas electrode to prevent electrolyte 
penetration and thus its isolation on the gas side. This 
embodiment, however, is heavy and can never be 100% 
reliable. 

Gas diffusion electrodes for rechargeable batteries 
have the features illustrated in Fig. 1 which depicts a 
nickel hydrogen battery 20 as detailed in our U.S. Patent 
No. 5.652.073 issued July 29, 1997, entitled, "Bipolar 
Design for a Gas Depolarized Battery". A plurality of 
cells 36 are suitably mounted within a pressure vessel, 
specifically within a central cylinder 22 in a nested rela- 
tionship. Each cell 36 contains a metered predeter- 
mined quantity of electrolyte and includes a metallic bi- 
polar cup 38 having a base 40 and an integral upstand- 
ing side wall 42 encompassing the base. Preferably the 
upstanding side wall is of truncated conical shape di- 
verging with increased distance from the base, although 
other shapes may be utilized including the side wall 42 
being substantially coplanar with the base 40. An insu- 
lating material 44 covers the upstanding side wall 42. 

The metallic bipolar cup 38 may be fabricated from 
a variety of materials including nickel, aluminum plated 
with nickel, stainless steel, metallic coated graphite 
composite and titanium. A preferred side wall coating is 
a hydrophobic fluorocarbon such as Teflon. 

A condensed phase electrode 46 is positioned prox- 
imate the base. The condensed phase electrodes used 
for the purposes of the present invention are typically 
84% porous 0.1 cm thick sintered nickel supported on 
a nickel screen and electrochemically loaded to be- 
tween 1 .0 and 2.5 g/cm^ of void volume with active Ni 
(OH)2. This is a standard aerospace positive electrode 
although it is understood that a variety of nickel positive 
electrodes could be employed. In particular a sintered 
nickel electrode without a support screen would be pre- 
ferred as the screen is not needed for current conduction 



in a bipolar battery. 

Overlying the condensed phase electrode 46 is a 
gas electrode 48 including a condensed current collec- 
tor for a gaseous active material. The gas electrode is 
typically platinum powder or platinized carbon powder 
bonded with Teflon, and supported on carbon cloth or 
expanded metal. The gas electrode must be conductive 
through its thickness and, to this end, has no hydropho- 
bic wet proofing porous Teflon layer. Back side hydro- 
phobicity is still required in order that the electrolyte 
does not flood and block a gas screen 54, to be de- 
scribed. This is achieved by the gas electrode 48 using 
a proprietary hydrophobic carbon coating on the gas 
side of the electrode. It will be appreciated that the gas 
electrode 48 is a solid current collector for a gaseous 
active material and is sized to fittingly engage the side 
wall 42 such that any gas generated at the condensed 
phase electrode 46 must pass through the gas electrode 
to escape the cell 36 to thereby recombine the generat- 
ed gas with the active material gas within the cell. 

Intermediate the gas electrode 48 and the con- 
densed phase electrode 46 is a dielectric separator 50. 
One form of the separator employed for purposes of the 
invention is ZrOg woven cbth approximately 80% po- 
rous and 0.05 cm thick. However, other suitable mate- 
rials could be used to achieve a similar result. The sep- 
arator acts to electrically insulate the opposing elec- 
trodes but allows ionic conduction between the elec- 
trodes via the liquid electrolyte which fills the pores of 
the separator. 

The upstanding side walls 42 of adjacent cells 36 
are oriented such that they mutually define a gap 52 en- 
abling gas communication between the adjacent cells 
and between each of the cells and the interior bulk gas 
region 34 within the battery 20, An insulating liner 24 is 
provided on the inner surface of the vessel for assuring 
its fluid integrity. 

Rounding out the construction of the cell 36 is a gas 
screen 54 of porous conductive inert material for provid? 
ing a gas conduit from the fuel gas storage volume to 
the gas electrode 48. The gas screen 54 may be any 
porous conductive inert material such as nickel screen, 
porous nickel felt, nickel coated plastic screen, and the 
like Throughout the remainder of the disclosure, this 
particular material will be referred to as "felted nickel fib- 
ers". It serves the purpose of al towing shared H2 access 
to the entire face of the gas electrode and provides elec- 
trical conductivity between adjacent cells. 

Each cell 36 is assembled by laying the compo- 
nents up in the metallic bipolar cup in the order illustrat- 
ed in Fig. 1 . Once the condensed phase electrode 46 
and dielectric separator 50 are in place, sufficient elec- 
trolyte is introduced to the cup to fill between 60% and 
100% of the porous volume of the condensed phase 
electrode and separator. The electrolyte for this battery 
is typically a mixture of KOH and LiOH in water with 
weight percent between 15% and 45% of KOH and 0% 
and 20% of LiOH. After electrolyte Introduction, assem- 
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biy is completed by laying the gas electrode 48 and gas 
screen 54 in the metallic cup. Battery assembly consists 
of repetitively stacking cells to achieve the desired cell 
count and battery voltage. The stacked cells are placed 
in the pressure vessel defined by the central cylinder 22 s 
and end caps (not shown), compressed to the design 
stack height, and bus leads 56 (negative) and 58 (pos- 
itive) from the electrodes 60, 40, respectively, are at- 
tached to the battery terminals, and the vessel ck^sed. 
Key features of this design are: - 

The gas duct behind the gas electrode which allows 
active material to be transported between the elec- 
tiochemical cell and the bulk gas storage; and 

The diffusion gas electrode which provides func- 
tions for (a) the catalytic oxidation and reduction of 
the gaseous active material, (b) a partially hydro- 
phobic internal structure which allows intimate high 
surface area contact between the gas phase, elec- 
trolyte solution, and the solid electronically conduc- 
tive phase, and (c) a completely hydrophobic elec- 
trically conductive porous barrier at the interface to 
the gas duct which prevents leakage of electrolyte 
solution but allows access of gas. 

Experimentation has found feature (c) to be a criti- 
cal element of the construction illustrated in Figure 1 . In 
testing bipolar batteries of this embodiment, it has been 
found that if the gas electrode has a through pin hole 
leak to the gas duct electrolyte will seep through the hole 
and accumulates droplets In the gas screen. Based on 
post test examination and the discharge voltage char- 
acteristic which develops as the battery cycles (see Fig. 
2), it appears that the loss of electrolyte leads to (i) sep- 
arator dry out and (ii) the development of a high resist- 
ance as discharge proceeds which in turn leads to a sub- 
stantial voltage loss. Post test examination of the battery 
from which the curves in Fig. 2 were derived indicate 
that in two of the four operating cells, electrolyte toss 
from the separator to the gas screen had occurred to an 
extent of 38% and 22%, respectively. 

It is speculated that the voltage oscillation evi- 
denced in Fig. 2 as discharge proceeds is a result of 
density changes in the positive active material (solid 
NioHx). Regardless of details of the mechanism, leak- 
age of electrolyte through the gas electrode represents 
a design failure and the observed consequence of this 
is an unacceptable discharge voltage loss. 

The frequency of the failure can be reduced by im- 
proving the gas side hydrophobicity through, for exam- 
ple, application of additional porous hydrophobic mate- 
rial to the gas side of the electrode. This embodiment, 
however, adds mass to the battery and only reduces the 
probability of the failure. As the failure may ultimately 
lead to an open circuit condition in the battery, it repre- 
sents the most serious performance failure category 
(that is, complete k>ss of function versus erosion of func- 



tion). 

It was in light of the foregoing that the present in- 
vention was conceived and is now hereby reduced to 

practice. 

According to the invention there is provided a bipo- 
lar cell for a gas depolarized rechargeable battery hav- 
ing a plurality of adjoining cells arranged in a stacked 
relationship within a battery vessel, the ceil having an 
electrk:ally conductive base having a peripheral edge, 
an hydrophobk: insulating member attached to the pe- 
ripheral edge, a condensed phase electrode proximate 
the base, a porous gas electrode including a condensed 
current collector for a gaseous active material and being 
so configured as to permit passage of electrolyte be- 
tween the bipolar base and a bipolar base of £uri adjoin- 
ing cell and a porous dielectric separator between the 
condensed phase electrode and the gas electrode, the 
insulating member being oriented to enable gas pas- 
sage from the cell past an adjoining cell to a bulk gas 
storage region within the battery. 

The invention also includes a Bipolar rechargeable 
battery including a plurality of bipolar cells as previously 
defined. 

Thus, a bipolar rechargeable battery comprises a 
vessel with an insulated liner and an interior region for 
bulk storage of a gas which serves as an electrode ac- 
tive material. A plurality of cells are nested within the 
vessel, each including a metallic bipolar cup having a 
circular base and an integral insulated hydrophobic up- 
standing side wall of truncated conical shape diverging 
with increased distance from the base. A solid phase 
positive electrode overlies the base. A dielectric sepa- 
rator separates the positive electrode and a gas phase 
negative electrode is configured to permit passage of 
electrolyte between the bipolar base of its cell and the 
base of an adjoining cell. The upstanding side wall of 
each cell is oriented to enable gas passage from each 
of said cells to the bull gas storage region. The upstand- 
ing side walls of the adjacent cells niutuatly define a gap 
enabling gas communication between the adjacent cells 
and between each of the cells and the bulk gas storage 
region. In one embodiment, ^here is no gas screen be- 
tween the negative electrode and the bipolar base of an 
adjoining cell. In another embodiment, a gas screen is 
provided having a fine porosity but of larger porosity 
than that of the separator. 

As described in the preceding section, in conven- 
tional bipolar cell designs, gas electrode electrolyte 
leakage leads to failure since there is no means for elec- 
trolyte in the gas duct to return to the solid electrode- 
separator region of the bipolar cell. It came to be realized 
that this was a result of (a) the gas screen not providing 
a wicking action for returning isolated electrolyte to the 
solid electrode and (b) no access path between the gas 
screen-duct region and the solid electrode-separator re- 
gion. This latter point is illustrated in Fig. 1 where a con- 
ventional bipolar battery design is illustrated. Note that 
in Fig. 1 the gas electrode in effect seals the gas duct 



IS 



20 



25 



30 



35 



40 



45 



SO 



3 



5 EP 0 863 565 A2 6 



region from the solid electrode-separator region. Thus 
even if electrolyte could be wicked by the gas screen, 
there would be no access for its return to the solid phase 
electrode-separator region. 

Based on this analysis, two embodiments have 
been developed and demonstrated for returning lost 
electrolyte to the solid electrode^separator cell region 
and thereby creating a more robust-tault tolerant design. 
In one instance, the gas screen of the known battery has 
been eliminated as a cell component. In the other in- 
stance, the coarse gas screen has been replaced with 
a finely pored hydrophilic gas screen such as nickel fiber 
metal while also the size of the gas electrode has been 
reduced thereby exposing the upper bipolar plate to the 
lower separator. 

Accordingly, the inventfon provides an improved bi- 
polar cell for gas depolarized rechargeable batteries 
such as nickel hydrogen and zinc oxygen. 

The invention may provide an improved bipolar cell 
for gas depolarized rechargeable battery so constructed 
as to prevent failure as a result of irreversible electrolyte 
loss from the condensed electrode separator to the gas 
side of the opposing electrode. 

The Invention may provide such a gas depolarized 
battery which provides for returning escaped electrolyte 
to the condensed electrode-separator region of the cell. 

The invention may provide such a gas depolarized 
battery which reduces cell weight by eliminating the gas 
screen in one of its preferred embodiments. 

The invention may provide such a gas depolarized 
battery bipolar electrode structure based on a conduc- 
tive cup with insulated hydrophobic conical side walls 
which act to (a) insulate the cell from adjacent cells and 
(b) impede the exchange of electrolyte solution between 
cells. 

The invention may provide such a bipolar battery 
with conical or cup-shaped electrodes assembled in a 
nested fashion. 

The invention may provide such a bipolar battery in 
which the gas electrode is configured to permit passage 
of electrolyte between the bipolar base of its cell and the 
base of an adjoining cell. 

The invention permits application of the foregoing 
concepts to rechargeable gas depolarized batteries 
which include nickel hydrogen, silver hydrogen, zinc ox- 
ygen, cadmium oxygen and iron oxygen. 

The invention may employ such a battery construc- 
tion with a bipolar cup structure wherein a metallic cup 
is preferably nickel although titanium may be used, and 
the insulator is, for example, a hydrophobic insulator 
such as Teflon. 

The invention may provide a method of constructing 
a bipolar gas depolarized rechargeable cell in which the 
gas screen is replaced with the fine pored hydrophobic 
gas side of the negative electrode, such a design requir- 
ing that the gas composition be pure active material to 
prevent diffusion stan^ation of active material. 

The invention may permit compensation of electro- 



lyte leakage in the aforesaid design of a bipolar gas de- 
polarized rechargeable cell by (a) selecting a hydrophilic 
bipolar plate material which is filmed with escaped elec- 
trolyte and (b) providing a return passage for escaped 

s electrolyte by locally directly contacting the bipolar plate 
with the separator. 

The invention enables the provision of such a bipo- 
lar battery construction which prevents P2 escape at the 
contact site In the preceding object by placing a recom- 

10 bination catalyst on the gas screen or on the bipolar 
plate at the access location. 

Such a gas depolarized rechargeable bipolar cell 
may be designed in which the gas screen is selected to 
have a slightly (at last 20%) greater pore size than the 

IS separator, is hydrophilic and locally is in direct contact 
with the separator. In this instance, the gas screen so 
described can act as a return conduit for electrolyte 
which leaks out of the separator to the back side of the 
negative electrode. 

20 Such a gas depolarized rechargeable bipolar cell 
may be designed so as to prevent Og escape at the con- 
tact site by placing a recombination catalyst adjacent the 
bipolar plate at the access location. 

In order that the invention and its various other pre- 

2S ferred features may be understood more easily, some 
embodiments thereof will now be described, by way of 
example only, with reference to the drawings, in which:- 
Like numerals refer to like parts throughout the dis- 
closure. 

30 

Fig. 1 is a diagrammatic cross sectional view, par- 
tially exploded, illustrating the construction of a plu- 
rality of bipolar cells utilized in a battery having a 
known bipolar gas depolarized cell design, 

35 

Fig. 2 is a graph depicting the operation of a known 
battery, as depicted in Fig. 1 . 

Fig 3 is a diagrammatic cross sectional view, par- 
40 tially exploded, similar to Fig. 1 illustrating the con= 
struction of a plurality of bipolar cells, depicting one 
embodiment of the present invention, 

Fig. 3A is a diagrammatic cross section view, similar 
4S to Fig. 3, depicting another embodiment of the 
present invention and 

Fig. 4 is a graph depicting the operation of a battery 
embodying the present invention. 

so 

It was earlier explained that based on analysis that 
had been performed of the failure history of a known bi- 
polar rechargeable battery, two embodiments have 
been developed and denfK>nstrated for returning bst 
ss electrolyte to the solid electrode-separator cell region, 
thereby creating a more robust-fault tolerant design. 

The first embodiment is illustrated in Fig. 3. In this 
embodiment, the gas screen is eliminated as a cell com- 
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ponent and at local areas the size of the gas electrode 
48A Is reduced thereby exposing upper bipolar plate 60 
to the lower separator 50. The basis of this embodiment 
is that elimination of the gas screen may (a) limit the 
volume available for escaped electrolyte accumulation, 
and/or (b) the escaped electrolyte will be forced by the 
hydrophobic gas electrode film over the upper hy- 
drophilic bipolar surface, and/or (c) will be returned by 
capillary action to the solid phase electrode-separator 
region through the exposed access areas. 

A concern with this embodiment Is whether there 
will be sufficient gas porosity in the upper hydrophobic 
region of the negative electrode 56 to support the flow 
of gas between the external gas storage region of the 
battery and the gas electrode. This requires a highly po- 
rous gas electrode and that the gas phase in the battery 
be pure active material (e.g., for a nickel hydrogen bat- 
tery pure hydrogen gas) to prevent the development of 
a diffusion zone in the gas electrode which would limit 
the discharge current of the electrode. 

In the second embodiment, the coarse gas screen 
in the conventional design is replaced with a finely pored 
hydrophilic gas screen 54A such as felted nickel fibers. 
As in the first embodiment, local areas of the gas elec- 
trode are removed to expose the gas screen to the sep- 
arator. 

Successful implementation of this embodiment re- 
quires a gas screen whose porosity is fine but larger 
than the porosity of the separator. If the gas screen pore 
size is finer than the separator then it could act to pump 
electrolyte out of the separator and thus lead to an open 
circuit cell failure. Factually, it has been found that 
0.025" thick 90% porous felted nickel fibers work well 
with 65% porous Zr02 felt separators in caustic electro- 
lyte nickel hydrogen batteries. 

Example 1 

The first embodiment has been reduced to practice 
in four cell nrckel hydrogen battery BPNH53 and in an 
eight cell nickel hydrogen battery BPNH55. Both batter- 
ies utilize a suitable commercial gas electrode which, as 
with conventional designs, has been found to fail by 
leakage approximately 25% of the time. This electrode 
was chosen as it represents a worst case evaluation of 
the embodiment and it is the lightest (that is, highest per- 
fonmance) design option. Both batteries employed nrck- 
el oxide electrodes in sintered nickel substrate (1.8 g/ 
cm3 void volume, 84% porous substrate, 0.035* thick), 
double Zr02 felt separators, and 0.001 " nickel bipolar 
structures. The final cell weight was approximately 58g 
which is 7g lighter than the conventional embodiment 
with heavier gas electrodes and gas screens. As shown 
in Fig. 4 for battery BPNH55 the embodiment operates 
flawlessly as opposed to the failed embodiment indicat- 
ed in Fig. 2. 



Example 2 

The second embodiment has been reduced to prac- 
tice in a four cell nickel hydrogen battery BPNH52. The 

5 positive electrode, separator, electrolyte and bipolar 
structure designs are identical to those used in the bat- 
tery of the first embodiment. Battery BPNH52 employed 
a fine pored felted nickel fibers gas screen and the fail- 
ure prone SPE electrode. The total cell mass averaged 

10 63 g for the four cells in the battery as compared with a 
conventional 65 g average mass. The mass average is 
thus less than with the first embodiment. The battery has 
undergone 10 cycles of testing to date with no evidence 
failure due to electrolyte leakage. 

IS 

Claims 

1 . A bipolar cell (36) for a gas depolarized rechargea- 
20 ble battery (20) having a plurality of adjoining cells 

(36) arranged in a stacked relationship within a bat- 
tery vessel (22), the cell having an electrically con- 
ductive base (40) having a peripheral edge (42). an 
hydrophobic insulating member (44) attached to the 

2S peripheral edge, a condensed phase electrode (46) 
proximate the base, a porous gas electrode (48) in- 
cluding a condensed current collector for a gaseous 
active material and being so configured as to permit 
passage of electrolyte between the bipolar base 

30 (40) and a bipolar base (40) of an adjoining cell (36) 
and a porous dielectric separator (50) between the 
condensed phase electrode (46) and the gas elec- 
trode (48), the insulating member (44) being orient- 
ed to enable gas passage from the cell (36) past an 

35 adjoining cell (36) to a bulk gas storage regbn (34) 
within the battery (20). 

2. A bipolar cell as claimed in claim 1 . comprising a 
gas screen (54A) of porous conductive inert mate- 

40 rial proximate the gas electrode (48) for providing ~ 
an interface between the cell (36) and an adjoining 
cell in the battery, the gas screen (54A) having a 
porosity larger than that of the separator (50). 

45 3. A bipolar cell as claimed in claim 1 or 2. wherein the 
gas screen (54A) is composed of felted nickel fib- 
ers. 

4. A bipolar cell as claimed in any one of the preceding 
so claims, wherein said gas screen has a thickness in 

the range of 0.0001 to 0.00001 inches and a poros- 
ity in the range of 5% to 95% 

5. A bipolar cell as claimed in any one of claims 1 to 
55 4, wherein the base 40 and peripheral edge form a 

cup (38) having an integral upstanding side wall 
(42). 
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6. A bipolar cell as claimed in claim 5, wherein the up- 
standing side wall (42) is of truncated conical shape 
diverging with increased distance from the base 
(40), whereby the upstanding side wall (42) of the 
cell and an adjacent upstanding side wall of an ad- 
jacent cell together define a gap enabling gas com- 
munication between the cell and the adjacent cell 
and between each of the cell and the adjacent cell 
and a bulk gas storage region within the battery. 

7. A bipolar cell as claimed in claim 5 or 6. wherein an 
insulating material covers the upstanding side wall. 

8. A bipolar rechargeable battery, comprising a vessel 

22 having an inner surface defining an interior re- is 
glon (34) for bulk gas storage, a plurality of cells (36) 
as claimed in any one of claims 1 to 7 mounted with- 
in the vessel (22) in a stacked relationship, each of 
the cells containing a predetermined quantity of 
electrolyte. 20 

9. A bipolar rechargeable battery as claimed in claim 
8. including an insulating liner (24) on the inner sur- 
face of the vessel (22) to prevent electrolyte solution 
bridging between the ceils (36) via the wall of the 2S 
vessel (22). 

10. A bipolar rechargeable battery as claimed in claim 
8 or 9, wherein the plurality of cells (36) are mounted 
within said vessel in a nested relationship. 30 

11. A bipolar rechargeable battery as claimed in any 
one of claims 8-10, wherein the battery (20) is a 
nickel hydrogen battery and the vessel is a pressure 
vessel. 35 
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FIG. 3A 
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